PRIMARY or idiopathic pulmonary hypertension is rare, as emphasized by Wood Cardiac catheterization on March 10, 1954 , revealed an elevated pulmonary artery pressure without evidence of a shunt or other defects (table  1) . Tolazoline hydrochloride (Priscoline), 50 mg. intravenously, did not alter pulmonary artery pressure but was associated with an increase in cardiac output of 2.36 liters per minute. Repeat cardiac catheterization 1 year later revealed no significant change in the level of pulmonary hypertension. Pentolinium tartrate (Ansolysen), 4 mg. intravenously, failed to change the pulmonary artery pressure.
At the time of her third cardiac catheterization on January 24, 1958 , the pulmonary artery pressure had shown a significant rise. At this time hydralazine (Apresoline), 10 mg. intravenously, and breathing 100 per cent oxygen induced no change in the level of pulmonary hypertension. Indicator-dilution curves revealed no shunt and pulmonary function studies including carbon monoxide diffusion coefficient and pulmonary compliance were normal. Tolazoline hydrochloride and methantheline bromide (Banthine) caused no improvement in symptoms.
Subsequently she developed progressive heart failure complicated by severe agitation, anxiety, and psychotic behavior requiring hospitalization on a psychiatric ward. Right axis deviation, P waves suggestive of right atrial enlargement, and evidence of right ventricular strain appeared in the electrocardiogram in addition to the findings of right ventricular hypertrophy. Death There is no evidence of intrinsic lung disease but signs of right heart failure may be present. The prominent A wave in the cervical veins may be replaced by a V wave with the appearance of tricuspid insufficiency as the right heart fails. 6 Cyanosis is common late in the course of the disease and may be attributed to several etiologies. Peripheral circulatory stasis seeondary to a low cardiac output is undoubtedly a frequent cause of eyanosis in primary pulmonary hypertension. Arterial oxygen desaturation is often present, however, and must be accounted for by other means. A patent foramen ovale with a right-to-left shunt has been shown to cause cyanosis in an occasional patient with primary pulmonary hypertension. 6 oles, and small pulmonary infarets are common in primary pulmonary hypertension at autopsy.4' 6 Thus, imbalance between ventilation and perfusion may be produced by mechanical block in the circulation and diversion of blood to a nonobstructed portion of the pulmonary circulation.17 Adequate arterialization requires that ventilation of the nonobstructed segment of lung be increased sufficiently to maintain normal ventilationperfusion relationships. Although total ventilation may be normal or increased, segments of lung with relative hypoventilation may result, thus allowing incompletely oxygenated blood to reach the arterial circulation. In pulmonary embolism, a decreased diffusing capacity of the lungs has been demonstrated. '7 In our patient (case 1), a normal carbon monoxide diffusing capacity was associated with an arterial oxygen saturation of 93 per cent. Of the five patients in the present series, all four who showed progression of their disease between catheterization studies exhibited decreased arterial oxygen saturation at the later study. This would be consistent with the development of an uneven distribution of pulmonary capillary blood flow with a resultant "physiologic shunt." Breathing 100 per cent oxygen normalized the low arterial oxygen saturation in two patients (O.C. and J.S.) as would be expected, if the arterial desaturation is due to uneven pulmonary capillary blood flow. A right-to-left shunt at the atrial level was excluded by indicator-dilution curves, and, since the mean pulmonary artery pressure in none of the five cases exceeded systemic, reverse shunting through bronchopulmonary anastomoses seems unlikely. However, in different patients, and even in the same patient, cyanosis appearing during the course of primary pulmonary hypertension may have multiple contributory causes. Although cyanosis is common, clubbing is unusual and was not present in any of our patients.
The electrocardiogram almost invariably demonstrates right axis deviation and unequivocal evidence of right ventricular hypertrophy.5 In three of our cases, however, the right ventricular hypertrophy pattern was not present initially but developed subsequently in two. Simailarly, right axis deviation was not present on the first electrocardiograms of three patients but appeared later in two. Interestingly, the pattern of right ventricular hypertrophy improved in case 4. This was associated with symptomatic improvement but no change in the level of pulmonary artery pressure. P waves indicative of right atrial enlargement are common.
On x-ray examination there is enlargement of the right ventricle, pulmonary artery and its main branches and, except with mild pulmonary hypertension, constriction of peripheral branches. The right atrium may be enlarged. Pulsations of the secondary pulmonary artery branches are frequent and may be so striking as to simulate a left-to-right intracardiac shunt.
Pulmonary function studies are useful in excluding intrinsic lung disease. In 10 patients in this series complete pulmonary function studies are available. Hyperventilation anid a minimal decrease in vital capacity were commonly noted. Helium washout times, diffusion coefficienit, and pulmonary compliance were normnal.
The course of the disease is quite variable in the reported cases. The duration of symptoms occasionally may be greater than 10 years, but Whitaker and Heath5 reported an average of 3 years. The average duration of symptoms in 12 of our patients followed until death was 7 years. In general, the course of primary pulmonary hypertension after the onset of symptoms is more malignant than pulmonary hypertension due to other causes.'8 Intractable right heart failure is generallv the most frequent cause of death;19 however. sudden death, occurring in seven cases, was most common in this series. Anesthesia, surgery, and sedative drugs are poorly tolerated by patients with primary pulmonary hypertension ; 15, 18, 20 two in the present group died postoperatively.
The diagnosis of primary pulmonary hypertension is chiefly one of exclusion of other causes of pulmonarv hypertension. Mitral stenosis nmay at times be difficult to differetntiate. 13 In addition, at catheterization valid pulmonary wedge pressures in the presence of marked pulmonary hypertension are ofteni difficult to obtain. However, if careful attention is directed to auscultation of the murmur, opening snap and mitral first sound, and to x-ray evidence of left atrial enlargement, mitral valve calcification, and pulmonary venous hypertension, left heart catheterization will rarely be necessary.
Pulmnonary hypertension secondary to shunts, particularly a ventricular septal defect or a patent ductus arteriosus, can produce an identical elinical picture. However, there may be a history of a mnurmur shortly after birth, the murinurs are g,enerally loud at some time, the duration of symptoms longer than in primary pulmonary hypertension, and frequentlv there is evidenee of left ventricular enlargement. Significant pulmonary hypertension in an ulncomplicated atrial septal defect is quite unusual but when it occurs the symptoms and findings may be identical to those of primary pulmonary hypertension.21, 22 Splitting of the second sound, usually wide and fixed in an uncomplicated atrial septal defect, mav be narrow when the shunt is small due to pulmonary hypertension. In the latter situation, peripheral pulmonarv vasculature may be diminished amid the heart small21 in contrast to the cardiac enlargement in the usual symptonmatic atrial septal defect. These conditions are readily separated by cardiac catheterization with indicator-dilution curves and angiography to identify shunts. In all nonautopsied patients in the present series there was no evidenee of a shunt by dye-dilution curves.
The most difficult diagnostic problem is differentiating pulmonary hypertension due to multiple pulmonary emboli from primary pulmuonary hypertension. Even on pathologic examination the occlusive lesions in the smaller pulmonary arteries have been variously interpreted.4 6 In addition, pulmomnary artery thromboses superimposed on the lesions of primary pulmonary hyperteiisiomn are conimon. 4, 6, 13, 15, 20 and provide the rationale for Circulatioto, Volume XXV)I, Decem1ber 1, 96 long-term anticoagulant therapy advocated by some. In general the younger age of patients with primary pulmonary hypertension, the absence of factors predisposing to venous thrombosis and embolism, and the lack of acute episodes suggesting emboli are helpful differential points. Pulmonary angiography is useful in identifying or excluding major thrombotic occlusion of the pulmonary vessels.
Other rarer causes of pulmonary hypertension that at times must be considered in the differential diagnosis are listed in In three of the five patients there was a progressive increase in pulmonary artery pressure, total pulmonary resistance, and a decline in cardiac output. In two patients the pulmonary hemodynamics remained unchanged between studies at intervals of 2 and 4 years. Arterial oxygen saturation decreased with progression of the disease, presumably reflecting the appearance of an uneven distribution of pulmonary capillary flow. The course of the illness was variable and unaffected by any mode of therapy, including long-term anticoagulation.
